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© Covalent attachment of spachlc binding members to a solid phase. 


© Tha present invention provides novel methods 
for the covaient attachment of a specific binding 
member to a sofid phasa through the reaction of a 
thtotatsd solid phase and a specific binding member 
that is compiexed to a heterobtfunctionai coupling 
agent The resulting immobifized specific binding 
member can be used in diagnostic binding assays. 
The invention enables the production of immobilized 
specific binding mem b er s which have increased sen- 
sitivity, specificity and stability, while requiring less 
specific binding member be used. 
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COVALENT ATTACHMENT OF SPECIFIC BINDING MEMBERS TO A SCUO PHASE 


BACKGROUND OF THE INVENTION 


1. Ftekj of the Invention 

The proaem invention relates to methods and 
reagents for the covaient attachment of specific 
binding members to a solid support In particular, 
the invention relates to the immobilization of spe- 
cific binding members on solid supports for use in 
diagnostic assays and separation procedures. 

2. Description of Related Art 

Binding assays have found widespread applica- 
tion in the field of clinical diagnostics for the detec- 
tion and/or measurement of drugs, hormones, pro- 
twns. peptides, metabolites, microorganisms and 
other substances of interest commonly referred to 
as analytes. in both biological and non-biotogwal 
fluids. Binding assays incorporate specific binding 
members, typified by antibody and antigen im- 
munoreactants. wherein one member of the spe- 
cific binding pair is labeled with a signal-producing 
compound (e.g„ an antibody labeled with an en- 
zyme; a fluorescent compound: a chemilumines- 
cant compound: a radioactive label: a direct visual 
label: etc). For example, in a binding assay the 
test sample suspected of containing anaiyte can be 
mixed with a labeled anti-anaiyte antibody and in- 
cubated for the immunoreactron to occur. The reac- 
tion mixture is subsequently analyzed to detect 
either the label associated with an antibody/anaiyte 
complex (bound label) or the labeled antibody 
which ts not compfexed with anaiyte (free label) 
thereby enabling the detection or measurement of 
the anaiyte in the test sample. 

Binding assays can be divided into two general 
categones known as homogeneous and heteroge- 
neous assays. In the homogeneous assays the 
»gnai produced by the bound label is different 
from the signal produced by the free label. As a 
result bound and free label can be distinguished 
without physical separation of the individual reac- 
tants from the reaction mixture. 

A well-known homogeneous binding assay is 

/cLm 27 ^ 01 ^ immunoassay technique 
(cMIT) which is disclosed in U.S. Patent 3 317 837 
In the EMIT assay, the anaiyte present in' the 
patient's test sample and an enzyme-labeled an- 
alyte compete for a limited amount of anti-analyt 
antibody. The soecific binding of th antibody to 
th anaiyte- enzym conjugate modulates th con- 


jugate's enzymatic activity such that the enzyme 
activity is proportional to th amount of anaiyte in 
the test sample. Homogeneous binding assays 
have the advantages of being rapid, easy to per- 
s form, and readily adapted to automation. Their dis- 
advantages are that they are susceptible to interfer- 
ences caused by non-analyte substances in the 
test sample, they are generally limited to assays 
for low molecular weight analytes. and they have a 
to limited sensitivity. 

In a heterogenous binding assay, the signal 
produced by the bound label is indistinguishable 
from the signal produced by the free label: there- 
fere, the free label and the bound label must be 
's separated from one another to distinguish between 
their respective signals. In some cases, the com- 
plex with which the bound label is associated will 
substantially differ in molecular weight from the 
free labeled reactant so that cantrrfugatxon can be 
30 used to separate the heavier complex. 

An alternative to centrifugation involves attach- 
ing at least one of the binding assay's reactants to 
a solid support. The solid support can then be 
separated from the test sample and the remaining 
as assay reagents to provide for the separation of the 
free and bound label. The separation of the solid 
support and reaction mixture can be a ccomp lished 
either by drawing-off the remaining reaction mix- 
ture or by physically removing the solid phase from 
jo the reaction mixture. The solid support can also be 
treated or washed to remove interfering substances 
prior to the detection or measurement of the label 
associated with the solid phase. 

Longer incubation times may be required in the 
as heterogeneous assay. This is because the kinetics 
of a reaction between a solid phase-bound specific 
binding member and its complementary binding 
partner tend to be slower than the kinetics of the 
same reaction when both binding members are in 
40 solution. The heterogeneous assays, however, are 
in general more sensitive than homogeneous as- 
says and less prone to interferences, becaus in- 
terfering substances can be removed by the wash 
steps. 

46 Variations to this general solid phase separa- 

tion scheme have been developed, but they typi- 
cally involve the binding of the anaiyte to a specific 
binding member which is attached to a solid phase. 
Generally, specific binding members are attached 

so to or immobilized on the solid phase by adsorption 
or covaient bonding. Adsorption results from the 
action of the solid phase in attracting and holding - 
th specific binding memb r. With covaient bond- 
•ng, th specific binding member and the solid 
phase ar chemically r acted to result in a bond 
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which immobilizes tfte specific oinding member on 
me solid phase. 

Th linkage between tfte solid phase and th 
immobilized specific binding member can gr atiy 
affect trie binding of that specific binding member 
to tfte analyte. For example, antibodies hav ex- 
tremely specific structural, spatial and polar con- 
figurations which enabl tftem to recognize and 
bind to a specific analyte (e.g., antigen). When 
antibodies are used in an assay for tfte detection of 
antigens, tfte antibodies may be tfte specific bind* 
ing members linked to tfte solid phase. The prox- 
imity of tfte solid phase to tfte antibody, however, 
can partially or completely block the sites on the 
antibody to which tfte antigen binds. In addition, the 
linkage between the antibody and tfte solid phase 
can alter tfte conformation of tfte antibody and 
thereby affect tfte antibody's ability to bind to the 
analyte. The same limitations hotd for the linkage 
of other specific binding members to a solid phase; 
the specific binding members may attach in a 
spectrum of positions ranging from complete static 
hindrance of the binding site to unhindered access, 
and/or the conformation of the specific binding 
member can change upon finking to the solid 
phase so that its complementary binding partner 
can no longer recognize it or bind to it As may be 
expected, the sensitivity of the assay declines with 
increasing levels of stone hindrance and loss of 
reactivity. 

A conventional metftod for covalentiy attaching 
a proteinaceous specific binding member to a poly* 
meric solid phase involves the use of carbodiimtde 
to crosslink the amine groups of the protein to the 
carboxyf groups on the surface of the solid phase. 
Alternatively, gluteraldehyde is used to crosslink 
the amines of the protein to surface bound amines 
on the solid phase. These crosstfnking methods, 
however, are poorly controlled, often resulting in 
protein/protein crossiinking and non-specific reac- 
tions, such as the over-modification of the protein 
which may result in a decrease in the binding 
capacity of tfte specific binding member. In addi- 
tion, tfte protein tftatjs so immobilized has poor 
reactivity, making it' necessary to bind large 
amounts of tfte protein to tfte solid phase to obtain 
suitable assay sensitivity. 

There have been two main approaches to solv- 
ing the crossiinking problems associated with the 
heterogeneous assays. One approach has been to 
complete the reaction of the binding partners prior 
to the immobilization of the newly formed complex 
upon the solid phase. The other technique has 
been to extend tfte length of tfte linkage between 
the specific binding member and the solid phase. 
The linking or coupling agent must maintain tfte 
linkage during tfte chemical manipulations of the 
assay, as well as aunng tfte physical manipulations 


of washing and s paration steps. Extended length 
heterobtfunctionai coupling agents have been de- 
scribed in EP-A-314,127 (Abbott Laboratories), 
wherein the covalent attachment of specific binding 

5 members to the solid phase is accomplished using 
an extended length molecular chain having at least 
one finking group that is reactive with a chemical 
group on the solid phase and at least one linking 
group that is reactive with a chemical group on tfte 

to specific binding member. 


SUMMARY OF THE INVENTION 

rs 

The present invention provides methods for 
preparing thiolated solid phase materials and im- 
tnobifized specific binding members. 
- One form of immobilized specific binding 
20 member, produced by the present invention, is 
represented by the formula: 
B-a-X-fl'-M 

wherein B is a solid phase having an amino, car- 
boxy! or thiol group. The solid phase is attached to 

25 M, an aminated specific binding member, through 
R and R which are coupling agents (either 
heterobtfunctionai or homobifunctionai) and which 
can be the* same coupling agent The coupling 
agents are crossimked through a reaction with X. a 

30 dithto compound linked to R and R through 
tfttoetfters. 

The immobilized specific binding member is 
prepared by first reacting the solid phase with a 
.first coupling agent thereby forming a solid 

ss phase/coupling agent complex. The aminated spe- 
cific binding member is reacted with a second 
coupling agent thereby forming a specific binding 
member/coupling agent complex. The solid 
phase/coupling agent complex is then reacted with 

40 ' a dithtol compound to form a thiolated solid 
phase/coupling agent complex. And. the thiolated 
solid phase/coupling agent complex is reacted with 
the specific bimfing member/coupling agent com* 
ptex to form the dithioether crosstinked solid 

45 phase/specific binding member complex. Alter- 
natively, the specific binding member/coupling 
agent complex can be reacted with the di thiol com- 
pound to form a thiolated specific binding 
member/coupling agent complex, which is then 

so reacted with the solid phase/coupling agent com- 
plex to form tfte immobilized specific binding mem- 
ber. 

An alternative immobilized specific binding 
member is represented by the formula: 
ss 3-Q-S-R-M 

wherein 8 is a solid phase having an amino cr 
carboxyl group, wherein the solid phas is linked to 
R-M. a specific binding m mo r/neterooifunctionai 
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^ n C ° m0,aX - * a *** introducing 

agent Q. S . The thiol introducing agents include 
tnralan s. sucdnimidyl thioacetates and disulfide 
compounds which ar subsequently reduced to a 
tniol. This immobilized specific binding member is s 
•nade by reacting th solid phase with a thiol 
•naroducing agent to form a Molated solid phase- 
nw«ng an aminated specific binding member «*h 
aheterobifuncttenal coupling agent, to form a spe- 
cific binding member/coupling agent complex: and ,o 
«en reacting the thiolated solid phase with the 
specific binding member/coupling agent complex 
to form the crosslink* solid phase/specific binding ' 
member complex. 

* inVenfon * forming „ 

J»"toed solid phase represented by the formula? 

r^*" a »* Phase having an amino, car- 
ooxy« or ttnoi group. R is a heterobifuncttonal cou- 

FZL^T ** ™ '* a linked to » 

R through a tnioether. The thiolated solid phase is 
°V reacting the solid phase with a 
rteterobifurtcionai coupling agent to form a solid 
Phase/coupling agent complex and then reacting 

» <*h«i compound to form a a, 
Elated solid phase/coupling agent complex. 
The thiolated soSd phase can ate be prepared 

Pound to term a sofid phase/disuifide complex 
J^ch ,s then reacted wrth a reductant. whereby the •» 
^sulfide is reduced to form a thiolated scwZT 
The resulting immobilized specific binding 
member can be used in diagnostic biding assay? 
tS^H specific binding member can 

EST ^ onto a support „ 


modification of an ammc-b aring solid phase wrth a 
ditniol compound to form a thiolated solid phase. 

Fig. S is a diagrammatical illustration of the 
preparation of a thiolated solid . phase through th 
•eduction of a disulfide group. 

,._ Hg * 6 is a *'agrammabcal illustration of the 

modification of a carboxyiated soM phase and the 
«ducaon of a disulfide group to form a Molatad 
solid phase. 

- .f^' 7 ' S a diaara "wnatical illustration of the 
sulfhydryl crosstinking of a thiolated solid 
Phase/coupling agent complex and a specific bind, 
mg member/coupling agent complex to form an 
immobilized specific binding member. 

OETAILED DESCRIPTION OF THE INVENTION 


BRIEF DESCRIPTION OF THE DRAWINGS 


' '! 3 * a 5 ram ™aticai illustration of the 
m^T 5 ". 0 ' m ^"^aring specific birxC 
member to include a thfol-reactive group 

agem complex to a tWoiated solid phase. - 

^ 2 « a diagrammatical illustration of tha 

modrfication of an amino^earlng SfcilE 
rnember to .nclude a thiol-reactive group usinTS «o 

JL*,? " nk,n9 * ,hat spec^^biSS 
memb^coupling agent complex to a thiolated 

Bg. 3 is a diagrammatical illustration of the « 

.* " solid iit 55 

mciud a Reactive group using 2-tmmothioiane 
Rg. * <s a diagrammatical illustration of the 


The present invention provides novel methods 
fcr the covaient linkage of the specific binding 
member and the solid phase, such as the immo- 
ototen of a protein on a solid phase for use in an 
immunoassay. The method can be used to 
covaiently crosslink two amino-containing compo- 
nents. These components include, but are not limit- 
ad to. antibodies, enzymes, peptides, cells, hap- 
tens, small molecules, solid phases. liposomes, 
and polymers. The general methodology of the 
present invention involves the modification of the 
specific binding member and/or the solid phase to 
incor Porate tniol-reactfve functional groups. The ac- 
tivated specific binding member is then allowed to 
react with the thiolated solid phase to produce the 
covaient linkage. The specific methodologies of the 
present invention differ in me means used to intro- 
duce the thiol groups to the solid phase. In another 
aspect of the present invention, both the solid 
phase and the specific binding member can be 
wdtvtdualiy modified to include extended length 
heterobfanctiona! coupling agents, which in turn 
can be crosslinked through a dithioi compound. 

The present invention provides greater control 
<*wthe chemistry for the production of both de- 
nvatfzed solid supports and immobilized specific 
binding members. The invention enables the pro- 
duction of immobilized specific binding members 
which have increased sensitivity, specificity and 
stability, while requiring less specific binding mem- 
ber be used. In addition, the present invention may 
alter the surface charge of the solid phase, which 
in some instances eliminates the charge-f elated 
nonspecific interactions which can occur in binding 
assays. The covaiently bound specific binding 
member/solid phase compounds of the present in- 
vention can be used in both sandwich and compeo- 
tiv heterogeneous binding assays, in both forward 
and reverse assay techniques. 
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Definitions 

The following definitions are applicabi to the 
present invention. 

Th term "specific binding member \ as used 
herein, refers to a member of a specific binding 
pair. i.e.. two different molecules where one of the 
molecules through chemical or physical means 
specifically binds to the second molecule. In addi* 
tron to antigen and antibody-specific binding pairs. 
other specific binding pairs include biotin and 
avidin. carbohydrates and lectins, complementary 
nucleotide sequences (including probe and capture 
nucleic add sequences used in ONA hybridization 
assays to detect a target nucleic acid sequence), 
complementary peptide sequences including those 
formed by recombinant methods, effector and re- 
ceptor molecules, enzyme cefaclors and enzymes, 
enzyme inhibitors and enzymes, and the tike. Fur* 
thermore. specific binding pairs can include mem- 
bers that are analogs of the original specific bind- 
ing member. For example, a derivative or fragment 
of the anaiyte, i.e., an anaiyte-anaiog. can be used 
so long as it has at least one epitope in common 
with the anaiyte. Immunoreactive specific binding 
members include antigens, haptens, antibodies, 
and complexes thereof including those formed by 
recombinant ONA methods or peptide synthesis. 

•AnaJyte", as used herein, is the substance to 
be detected in or separated from the tost sample 
using the present invention. The anaiyte can be 
any substance for which there exists a naturally 
occurring specific binding member or for which a 
specific binding member can be prepared. In addi- 
tion, the anaiyte may bind to more than one spe- 
cific binding member. "Anaiyte* also includes any 
antigenic substances, haptens, antibodies, anc 
combinations thereof. The anaiyte can include a 
protein, a peptide, an amino acid, a hormone, a 
steroid, a vitamin, a drug including those admin- 
istered for therapeutic purposes as well as those 
administered for illicit purposes, a bacterium, a 
virus, and metabolites of or antibodies to any of the 
above substances. 

"Solid phase", as* used herein, includes the 
material upon which a specific binding member can 
be immobilized for use in diagnostic assays, affin- 
ity chromatography and separation procedures. 
While the Examples which follow generally deal 
with micropartide solid phases made of polymeric 
materials, many other solid phase configurations 
are possible so long as the material includes or can 
be formed or derivatized to accept the requisite 
linking groups enabling the immobilization of a 
specific binding member. 

The solid phase can include, without limitation, 
polymeric or glass beads, micropartici s. tubes, 
sheets, plates, slid s. w Us. tapes, t st tubes, or 


the like. Natural, synthetic or naturally occurnng 
materials that are synthetically modified, can be 
used as the solid phase including polysaccharid s. 
e.g„ cellulose materials such as paper and cet- 
s lulos derivatives such as ceiluios acstat and 
nitrocellulose; silica: silicon particles: inorganic ma- 
terials such as deactivated alumina, or other in- 
organic finely divided material uniformly dispersed 
in a porous polymer matrix, with polymers such as 
to vinyl chloride, vinyl chloride polymer with pro- 
pylene, and vinyl chloride polymer with vinyl ace- 
tate: polyethylene: doth, both naturally occurring 
<e.g-. cotton) and synthetic {e.g.. nylon): porous 
gels such as silica gel: polymeric films such as 
rs potyacryiates: and the like, it will be readily appar- 
ent to those skilled in the art that a variety of solid 
phase materials can be adapted for use in accor- 
dance with the present invention. 

In addition, a solid phase prepared in accor- 
ao dance with the present invention can be incor- 
porated within or upon a separate support medium. 
Support media include any suitable absorbent, 
chromatographic, bibulous, porous or capillary ma- 
terial. For example, the support media can include 
as a fiberglass, cellulose or nylon pad for use in a 
flow-through assay device as described in co-own* 
ad and copending European Patent Publication No. 
217,403 published April 8. 1987. The device dis- 
closed therein comprises a substantially planer lay- 
oo er of material having a porous matrix of fibers, 
upon which are immobilized a plurality of substan- 
tially spherical microparttdes bearing an immobi- 
lized specific binding member. Similarly, a dipstick 
for a dip and read assay or a test strip for 
os chromatographic (e.g., paper or glass fiber) or thin 
layer chromatographic (e.g.. nitrocellulose) tech- 
niques can be used. 

The term "test sample", as used herein, in- 
cludes a naturally occurring or artificially formed 
*o liquid test medium suspected of containing th 
anaiyte of interest. In diagnostic assays, the test 
sample is generally a biological fluid or a dilution 
thereof. Biological fluids from which an anaiyte can 
be determined include serum, whole blood, plas- 
ms ma, urine, saliva, amniotic and cerebrospinal fluids, 
and the like. The reagents and methods of th 
present invention can also be designed to deter- 
mine food product and environmental anaiytes of 
interest 

so The term "coupling agent", as used herein, 

includes Afunctional crosslinking or coupling 
agents, i.e.. molecules containing two reac£v 
groups or "ends", which may be tethered by a 
spacer. The reactive ends can be any of a variety 

ss of functionalities including, but not limited to: amino 
reacting ends such as n-hydroxysuccimmide (NHS> 
active esters, imidoesters. aldehydes, epoxides, 
sulfonyl naiices. isccyanate, isothiccyanate. and 
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n.troaryl halides: and thiol reacting ends such as 
pyndyl disulfides, maleimices. thicphthalimides 
and active halogens. The hetercbifunctional cros^ 
Slinking reagents hav two different reactiv ends 
an amiro-reactive end and a carboxyl-reactive 
•no. "ft* homobifunctional reagents hav two 
similar reactive ends. 

n t J^ m ^ m ' aVa,t "" 9 f^oifuncfonal 
nsagems for use in the present invention include 
Out are not limited to. the matetrmdo-NHS active 
8StBrs coupling agents such as /n- 
ffn^doc^ww'ydro^ ester 
=vfSl_. SUOin " T,idyi ^HN^aWmidomethyl). 
/ T^T an9 " , ' CartaXV,ate (SMCO; sucdnimidW 
r" f ~^tor^i)butyra» (SMP8) and denva- 
nves thereof, including sullbsuceinimidyl derivatives 
»ai as «ifasuccinimidyl-4^^ 
cyclohexane- I - carB oxyl a te (suifb-SMCC); ^. 

Other hetercbrtuiwtonal reagents include the 
commeraaJly available active halogen-NHS active 
***** BHW* agents such as ^uccm,m*vi 
^cammi^i (4Wodoac»W- 
J^^oat. (SUB) and the *lfosuccS£ 
«ch as auifosucdnrmidyl (Z 
■PdoacetyOaminabenzoate (sutfb-SlAfl). 

r»t^r e LZ! ,iP 01 cou * 5<in 9 agents is the 
2^£Cc2^ d ^ ^ sucS 

(SPOPT^SI^ ^-pynrfytthiojpropionate 
a^~L ctoavable agents, such as N. N- 
f^yM.-cystine and L-cystine dimethyiester 
cfihydrochloride. can also be used. 

the Y Z^r, Sm Jf ° f C ° UOimg ***** incJu *« 
»o wended length heterooifunctional coupling 
«S«^ described in Application EP-A-314. 127 /t2 
i9n *» ^terab.functionai coupling agen* 
^dj, maiennido^HS active ester rea^S 
wherein the spacer is represented by the formulaT 


"(Xn)- C- R- 

**»erein the X is a substituted or unsubstituted 
T^lTt ^^^toten carSn^ 
'Si 9 1 ^ " « «»" one to ten; and «Tan 
f^JVCfoalkyl. aikyl-cycloaiky. or „ arorrL" 
2*^'-c nng. The term aUcyH^cfoaikyl incluSs 

SL^JT 1 10 ° Mk * t nng^strucSel 
^ *• alkyi group links the c/ciaaikvYTTl 
n£«mide or carbony, ^ The^X^ 

tower alkyl groups having from one to six carbon^ 

If a spacer is present to tether the rwn 
groups of the coupling agent L 'o^r ^ 
any molecular cnam that is non-reactivT^T j! 
non-binding to the analyte or oth ^.f^L 
-emp rs with it b ^ 


ihe spacer can be varied and can range from the 
size of a single atom to the sizes disclosed in EP- 
A-314,127 or larger. 

Th term -thiol introducing agent", as used 
s here*, .ncludes but is not Kmited to thiolanes (such 
as 2™nom»lane). succinimidy, tKoacetates such 
as N^ucc^^i-s-ace^thioacetae). and dE 

to S JSL ^rmodudng agents car, oVuted 
LS^LTf ° bin<&, 9 ma "*ers and soS 
^eacT^.^^-^-- 
T^e choice of a coupling agent or thiol in- 
troducing agent depends upon the acceptable oer- 
^ manca af *» Particular agent with the partcuiar 
solid phase and specific binding member to be 
used .n the diagnostic assay. Therefore, it will be 
appreciated by those skilled in the art that the 
coupling agent or thiol introducing agent used in a 
* given assay w« generally be determined empiri- 
cally. In addition, the specific binding member will 
"elude one or more amino, carbcxyl or thiol 
groups or can be derivatized by the incorporation 
„ "J" * mm °- cartJox y | or thiol group thereby en- 
25 ma "action of the specific binding member 

*«» a coupling agent or thiol introducmg agent 
Activated species" refer to specific binding mem- 
bers and solid phase materials which contain a 
« f ^ V " sroup mreu 9 n the '"corporation of a cou- 
» Pfag agent tar example, the activation of a protein 
wrth suifo-MBS. Proteinacsous speoffc binding 
•nembers with cysteine residues at the protein's 
acaw site can have their activity decreased by the 
addition of a coupling agent therefore the cysteine 
w residues in the active she must be protected, by 
•neans known in the art prior to reacting the pro- 
ton with the coupling agent 

40 Pn>oaraaon of activated or derivatized solid phases 
and immobilized specific binding memoirs 


The general methodology of the present inven- 
tion involves the modification of a solid phase by 
«« the .introduction of thiol groups. A specific binding 
member. a.g.. a protein antigen, is also modified to 
contain thioJ-reactSve functional moieties such as 
maleimides or active halogens. The derivatized 
specific binding member is then added to th 
« thiolated solid phase and reacted to produce a 
covalent linkage. 

Two methods by which a specific binding 
memoer bearing an amino group can be modified 
to contain a thiol-reactive functional grouo are dia- 
ss grammatically illustrated in Figures l and 2. in 
particular. Figur i illustrates m activation of a 
protein specific binding member through th use of 
a mal imido-NHS active aster neterobifunctional 
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reag nt to incorporate a thioi-reactiv grouo on the 
protein. The R in the coupling agent represents 
aikyl. cycioaikyi, aJkyi-cycioaikyl or an aromatic 
carboxyiic ring as describ d afaov . The Z in th 
coupling agent typically represents a hydrogen 
atom, or optionally represents an inert polar group 
such as SOi" which imparts the characteristic of 
water solubility upon the coupling agent In a sec- 
ond step, the activated specific binding member is 
then reacted with and links to a thioiated solid 
phase. 

Referring to Figure 2. the specific binding 
member is reacted with an active haiogen-NHS 
active ester heterobrfunctionai reagent wherein R 
and Z are defined as described above, in a second 
step, the specific binding member/coupling agent 
complex is then reacted with and linked to a thioiat- 
ed solid phase. 

Methods for introducing thiof groups to the 
solid phase, such as an animated or carboxylated 
polystyrene latex particle, are diagrammaticaiiy il- 
lustrated in Figures 3 through S. Figure 3 repre- 
sents the use of a thiol introducing agent e.g.. 2- 
iminothtofane, which is reacted with the aminated 
solid phase to form a thioiated solid phase. 

Figure 4 represents the reaction of an aminated 
solid phase with an active haiogen-NHS active es- 
ter heterobifunctionai reagent wherein R and Z are 
defined as described above and I is a sample 
halogen. The resultant solid phase/coupling agent 
complex is then activated by reacting the complex 
with a thiol introducing agent e.g.. a dithiol com- 
pound represented by HS-X-SH. to produce a 
thioiated solid phase. As with the preparation of the 
specific binding member/coupling agent complex in 
Ptq. t. a thioiated solid phase/coupling agent com- 
plex can also be prepared through the use of a 
maieimido-NHS active ester heterobifunctional 
reagent 

Rgures 5 and S represent the use of disulfide 
compounds to modify either an aminated or car- 
boxylated solid phase. R and Z are defined as 
described above. Following the reaction of the di- 
sulfide compound with the solid phase, the disul- 
fide compound is reduced by the addition of a 
reductant to form a thioiated solid phase. The disul- 
fide compounds are represented by the structure 
•R-S-S-R . The reductants for use in the procedure 
include any substance capable of reducing the 
disulfide group to a thiol. Thus, the redu<rants 
include but are not limited to. thiols, aorohydrides. 
metal hydrides and hydrogen gas with a catalyst 
As an alternative to the reaction of a carboxylated 
solid phase and an ammo-containing disulfide com- 
pound represented in Rgure 8. the solid phase can 
contain or be activated ;o include the amino group 
and the disulfide compound can Include the car- 
boxyl group. 
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Both the solid phas and th speafic binding 
member can be modified to include a coupling 
agent th coupling agents sroviding the required 
amino, thiol or carooxyl groups. On of th modi- 
s fied components, such as th solid phase/coupling 
agent compi x. is th n treated with a dithiol com- 
pound to introduce suifhydryl groups to th compo- 
nent thereby forming a thioiated solid 
phase/coupling agent complex. Finally, the specific 
tq binding member/coupling agent complex is added 
to the thioiated solid phase/coupling agent complex 
to form a crossttnked product 

An example of the suifhydryl linkage of a spe- 
afic binding member/coupling agent complex and 
15 a solid phase/coupling agent complex is diagram- 
maticaily illustrated in Rgure 7. An aminated micro- 
partide is represented in the upper left portion of 
the illustration. The solid phase micro particles in- 
clude commercially available latex micropartictes 
30 bearing amino groups, as well as microparticles 
which have been modified or activated to contain 
amino groups. The microparticles are mixed with a 
heterobifunctional coupling agent e.g^ sulfo-MBS. 
to produce a microparticie/coupling agent complex. 
2S The micropartide/coupiing agent complex is then 
reacted with a dithiol compound, e.g.. dithiothreitol 
(DTT), to produce a thioiated mtcroparticle/coupling 
agent complex. An aminated protein, such as an 
amine group bearing antigen, is represented in the 
30 upper left portion of the illustration. The protein is 
also linked to a heterobifunctional coupfing agent to 
produce a protein/coupling agent complex. Lastly, 
the thioiated microparticie/coupiing agent complex 
and the protein/coupling agent complex are reacted 
as to produce a drthioether crossiinked microparticie 
and protein, i.e.. an immobilized speafic binding 
member. 


40 EXAMPLES 


The following examples describe methods for 
synthesizing the novel activated solid phase pro- 
45 ducts (i.e.. the thioiated solid phase/coupling agent 
complex) and the immobilized specific binding 
member products of present invention. 


so L Protein Immobilization Through Dfthioether 
Linkages 


Example 1 

S3 


Preparation of Recombinant HlV-i gp-n Cerivatiz- 
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ed Microparticles 


a) Preparation of Thiolated Microparticles 

A 3.0 mi suspension of amino-microparticies 
(3a diameter. 25% solids.Pory$ciences, Inc., War- 
rington, PA) was placed into a tS mi polypropylene 
centrifuge tube and centnfuged at 3000 rpm for 10 
minutes. The supernatant was decanted and dis- 
carded. The microparticle pellet was resuspended 
in 3.0 ml of 10 mM phosphate buffered saline. pH 
7«2 (PBS) by vortexing until the suspension was 
homogeneous. A 0.3 ml solution of 
maleimidobenzoywswiydrt^^ 9S_ 
ter (suifb-MBS. Pierce Chemical Co., Roddbrd. iL). 
10 mg per ml PBS, was added to the micropartcle 
suspension, and the mixture was allowed to react 
tor 1 hour at room temperature (20-25 * Q with 
end-over-end rotation. The mixture was centrifug* 
ed*and the supernatant was decanted and discard- 
*1 The maietmido-micropartcle pellet was washed 
by resuspertsion in 10 ml of PBS with vortexing. 
csntrifuging. and then decanting the supernatant 
The washing process was performed three times. 
The micropartcle pellet was then resuspended in a 
10 ml solution of 0.1 M dtthiothreitol in PBS. The 
rmcropartcie suspension was mixed at room tern- 
perature by end-over-end rotation for l hour. The 
««per«on was centnfuged. and the supernatant 
was decanted and discarded. The thiolated micro- 
partfctes were resuspended in a 10 ml sotution of 
0.1% (v/v) of Tweeno -20 in PBS. by vortexing. to 
achieve a homogeneous suspension. The mixture 
was then centnfuged. and the supernatant was 
discarded. The resuspertsion in 0.1% Tweeno - 
20yPBS. centrifugatton. and supernatant decanting 
steps were repeated for three additional cycles. 
The thiolated microparticle pellet was then re- 
suspended with PBS to a final volume of 3.0 ml. 
The thiolated microparticles reacted optimally when 
used within 3 hours of removing the dithtothreitol. 

b) Activation of Recombi nant HIV-i gp4i with 
suifo-MBS — 

A \JZ ml solution of 0.3 mg protein in 1.8% 
sodium dcdecyl sulfate (SOSVPBS (w/v) was 
placed in a reaction vessel. The protein specific 
binding member was an HIV antigen. Exemplary 
hiv proteins include the recomoinant protein con- 
structs such as P 24 and gp4i sequences known in 
the art. A 1.0 ml solution of 30% Tweeno -20 in 
PBS (v/V) was added, ana the solution mixed, fol- 
lowed by the addition of 20 mg suifo-MBS in 0.3 mi 
PBS to produce a specific binding 


to 


TS 


SO 
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member/coupling agent complex. The solution vra$ 
again mixed and allowed to set at room tempera- 
ture for 1 hour. 


c) Covaierrt Unking of MaJetmidotoenzoyl Activate d 
HfV-i gp4l to Thiolated Micropartides 

The activated protein <3£ ml from Example i. 
y combined with the suspension of thiolated 
mtoopartcies (3.0 mi from Example 1. a>. The 
rmxturewas allowed to react at room temperature 
overnight 0* to 18 hours) while rotating end-over- 
end. The protein coated microparticle suspension 
was centnfuged. as described in Example 1. a. and 
the supernatant was decanted and discarded. The 
pettet was resuspended in 10 ml of TO mM 2- 
mercaptoetnanoJ by vortexing. and the mixture was 
then rotated end-over-end for 1 hour. The suspen- 
sion was centnfuged and the supernatant discard- 
ed. The microparticle pellet was washed by 4 cy- 
cles of resuspertsion in 10 ml of 0.1% Tween -20 
* PBS (v/v), centrifugation. and then decanting the 
supernatant. The particles were then resuspended 
m PBS with 0.1% sodium azide (wrv) to 10 ml of a 
0.75% sofids suspension. The immobilized specific 
binding member preparation was stored at 4 to 
8*C. 


Example 2 


Preparation of Recombinant HJV-i p24 Coated 
Microparticles 


a) Activation of Recombina nt HIV-1 p24 with strife- 
MBS 

A solution of 375 ug p24 in 0.5 ml of 0.5% 
SOS/PBS (w/v) was heated at 45* C for 20-30 min- 
utes. After heating, additions of 0.5 mi of 30% 
Tweene -20 in PBS (v/v) and 0.5 mi of PBS 
containing SO tig sulfb-M8S were made to the 
protein solution. The reaction mixture was vortexed 
and set at room temperature for 1 hour to produce 
the specific binding member/coupling agent com- 
plex. 


b) Covalent Coupling of Oerivatized p24 to Thioiat- 
ed Microparticles ~" 


A suspension of 3.0 ml of thiolated micropar- 
ticles fas described in Exampl t. a) was cert- 
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ptex and its crossiinking to me tftolated micropar- 
ticies were repeated substantially in accordance 
wth the procedures of Example i. b and a 


Example 7 


Preparation of Recombinant HIV-1 gp4l Oertvafeed 
Mteropartdes Using SMCC in MJcropartde Thsota- 
tion 


The immobilized specific binding member was 
made substantially in accordance with the protocol 
deacjiU e d in Example 6 using SMCC (Pierce) in- 
stead of SIAB in the preparation of tfaolated micro- 
particles. 


Exampie 8 


Preparation of Reco mb i nan t HIV-l gp4i Oerivatizad 
Microparoctes Using a 16 Atom Heterobifunctional 
Linker Group in Mtcropartfcie Thkteten 


The immobilized specific binding member was 
made s ubstantially in accordan ce with the protocol 
<tescrtbed in Example 6 using the 16 atom 
ma<a * m *to-n-tTydra active ester com- 

pound described in 3*^314.127 instead of SIAB. 


Exampie 9 


Preparation of Recombinant HIV-T gp4i Oerivatized 
Mfcropartfdes Using a 23 Atom Heterobifunctional 
linker Group in Mteroparticle Thioiation 


The immobilized specific binding member was 
made substantially in accordance with the protocol 
^ascribed in Example 6 using the 23 atom 
maJefmido-f^ydroxysucanimidyl active ester com- 
pound described in EF-A-314.727 instead of SIAB. 


Example 10 


Preparation of Recombinant HIV-i g P 4i Oerivatized 


Mlcropartides Using a 30 Atom Heterobifunctionac 
Linker Group in Micropartcte Thioiation 


5 * The immobilized specific binding member was 
made substantially in accordance with the protocol 
described in Example 6 using the 30 atom 
maJe * m * d0 ^ , y^ active ester com- 

pound d esc r i be d in EP-A-314.127 instead of SIAB. 

to 

ML Protein Immobilization Through Oithtoether 
Linkages Using Alternate HetaraMfurtctfonaJ 
fl ea genu in Protein Activation 

ts 

Example 11 


20 

Preparation of Recombinant HIV-l gp4i Qerivatized 
ft fl cr opai itc l es Using sulfo-SMCC Activated gp4i 


2S The immobilized specific binding member was 

made substantially in a cc ordan ce with the protocol 
of Example 1 using sutfb-SMCC instead of suifo- 
MBS in the a ctiv at i on of recombinant gp4t de- 
scribed in Example 1. b. 

Example 12 


33 

Preparation of Recombinant HIV-l gp4t Oerivatized 
Mlcropartides Using suifo-SlAB Activated gp4i 


*o The immobilized specific btntfng member was 

made substantially in accordance with the protocol 
of Example 1 using sulfo-SIAS instead of sulfo- 
MBS in the activation of recombinant gp4l de- 
scribed in Example 1. b. 


Example 13 

so 

Preparation of Recombinant HIV-1 gp4i Oerivatized 
Mlcropartides Using SMCC Activated gp4i 

55 A 1.0 mi solution of 0.3 mg protein in PBS was 

mixed with 2.0 ml of OMSO containing 20 ug of 
SMCC. The solution was mixed and set at 20-25* C 
for 1 hour to produce the specific binding 


to 
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member/coupling agent complex. Th preparation 
of thioiated micropartd s and the protein-to-micro- 
particie coupling procedur s were repeated as de- 
scribed in Hxampie T a and c respectively. 


Exampt 


14 


Preparation of Recombinant HIV-1 gp4i Oerivatized 
Microparticies Using SIAB Activated gp4i 


The immobilized specific binding member was 
made substantially in accordance with the protocol 
described in Example 13 using SIAB instead of 
SMCC in (he derivatization of recombinant gp4i. 


Example 15 


TO 


. /5 


30 


(Ferce Chemical Co.). Th suspension was mixed 
at room temperature (20-25 *Q for one hour by 
continuous rotation, c ntrifuged at 4.500 rpm for iq 
minutes, and th supernatant was rem vad and 
discarded. Th pellet was washed by 3 cycles of 
resuspending in 30 ml of 0.05% Tween® -20 in 
PBS (v/v) with vortexing, centrifuging. and discard- 
ing the supernatant The thiotated microparticles 
were left as a pellet and used within 1 hour. 


b) Activation of Recombinan t HlV-i gp4i with 

SUlfa-wlBS — 

A 2J1 mi solution of PBS con t ain ing 2Qu>g of 
suifo-MBS was added to a 1.0 ml solution of 250 
tig of gp4t in detorrized water for the prepmtion of 
the specific binding member/coupling agent com- 
plex. The mixture was vortexed. then set at room 
temperature for 1 hour. 


Preparation of Recombinant HIV-1 gp4i Dertvafeed 
Microparticies Using a 30 Atom Heterobtfunctionai 
linker Modified gp4i 


The immobilized specific binding member was 
made substantially in accordance with the protocol 
described in Example 13 using the 30 atom 
maietmido-fi-hydroxysucdnimfdyl active ester com- 
pound, described in EP-A-314,127 instead of 
SMCC in the activation of recombinant gp4i. 


IV. Protein Immobilization with Microparticies 
Thioiated by 2Wmlnothiolane 


Example 16 


c) Covaiem Coupling of Oerivatizad gp4i to 

Thioiated Microspheres "~ — 

2% — — — 

The activated protein solution, of Example 16. 
b. and 2.0 mi of PBS were added to the thioiated 
microsphere pellet of Example 16. a. The particles 
were resuspertded with vortexing and the suspen- 
se sion was mixed by end-over-end rotation at 20- 
25* C for 14-18 hours. The suspension was cen- 
trifuged. treated with 2-mercaptoethanol. washed, 
resuspended. and stored substantially in accor- 
dance with the protocol described m Example ix. 

33 

Example 17 


40 

Preparation of Peptide Oerivatized MIcropartictes 
Using 2-fminotholane for Mtcroparticle Thiolation 


Covalent Binding of Recombinant HIV-1 gp4t to 
MicroparticJes Thioiated by 2-lminothioiane 


a) Preparation of Thioiated Microparticies 

A 3.0 mi suspension of . amino-microparticies 
(3a diameter. 2.5% solids in deionized water Poly- 
sciences Inc.) was added to a 15 mi. ice cold 
solution of 50 mM N-methyimorpholine. oH 6 5 To 
this was added 9.0 mi of ice cold 0.1 M sodium 
bicarbonate containing 90 mg of 2-iminothioiane 


45 A solution of 430 ag of an amine containing 

synthetic peptide (20-30) amino acid residues) in 
iSOuJ of PBS was added to 3.0 ml of thioiated 
microparticles. prepared as described in Exampl 
16. a. To this suspension, 75u! of a 1 mg SIAB per 

« ml methanol solution was added, and the mixture 
was rotated end-over-end at 20-25* C for 14-18 
hours. The donvzxizBti microparticies were then 
centrifuged. washed, resuspended. and stored sub- 
stantially in accordance with the protocol described 

ss in Example t. c. 


V. Protein Immobilization with Microparticles 
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Thiolated Using Disulfides 


Example 18 


Covaient Binding of Recombinant HIV-i gp*i to 
Mercaptoethylamine Oenvatized Microparticies 


Preparation of Recombinant HIV-1 gp4i Oenvatized 
Microparticies Using SPOP in Micropartfcie Thtola- 

tion 


The immobilized specific binding member 
made substantially in accordance with the protocol 
described in Example 8 using SPOP (Rerce) in- 
stead of SUB in the preparation of the thiolated 
microparticies. 


Example 19 


Covaient Binding of Recombinant HIV-1 gp4i to N- 
(S-olmemylaminonaphthaiene-1 -sutforiyJ)-cysteine 
(Oansyl-cys) Oenvatized Microparticies 

A 5.0 ml solution of 10 mg/ml N, N'-oldansyW.- 
cyatfne(Sgma. a Louis, MO) in 1:1. DMSOrS mM 
2^N-A4orphoimo>-ethariesulfonic acid (MES, Sg- 
ma). pH 5.0 was added to a S.0 mi suspension of 
amino-microparticles. Rve milligrams of 1-ahy*-3- 
CH3imethyl-aminopropyO carbodlfmide hydrochlo- 
ride (EDC, Pferce) in 0.5 ml detonized water were 
added to the microparticie suspension. The mixture 
was rotated, end-over-end. at 20-25* C for 2 hours. 
A second aliquot of 5 mg EDC in 0,5 ml deionized 
water was added, and the suspension was rotated 
another 2 hours. The derivatized microparticies 
we centrifuged. and the supernatant was dis- 
carded. The pellet was then resuspended in 15 ml 
of 0.1 M dithiothrertoi and rotated, end-over-end. 
for 1 hour. The suspension was centrifuged. and 
me supernatant was decanted and discarded. The 
thiolated microparticJes were washed with 4 cycles 
o fes uspend ?n 9 in 15 ml ot 0.1% Tweene -20 in 
PSS, centrifuging, and discarding the supernatant 
The pelleted microparticies were then resuspended 
to a volume of 5.0 ml with PBS. The preparation of 
me gp4i specific binding member/coupling agent 
complex and its crosslinking to the thiolated micro- 
particJes were repeated substantially in accordance 
with the protocol described in Example T. b and c. 
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a) Preparation of Mercaptoethylamine Oenvatized 
Microparticies — — - ___ 

A 0.6 mi suspension of carboxylated micropar- 
lides (0.4Su diameter, 2.5% solids. Poly sciences) 
was centrifuged at 10.000 x g for 5 minutes. The 
supernatant was aspirated and discarded. The pel- 
let was resuspended in 1.0 ml of 0.1 M cystamine 
(Sigma). 5 mM M6S. pH 5.0. A 0.2 ml solution 
containing 2 mg EDC in detonized water was ad- 
ded to the suspension, which was then vortaxed 
and rotated, end-over-end. at 20-25* C for 14-18 
hours. The suspension was centrifuged. and the 
supernatant was discarded. The cystamine de- 
rivatized mtcropartdes were then washed with 3 
cycles of resuspending in 1.0 mi of 0.1% TweenO 
-20 in PSS. cemrifiiging. and discarding the super- 
natant. The pellet was then resuspended in t.Q ml 
of 0.1 M dithiothrettol in PBS and rotated, end- 
over-end, at 20-25* C for 1 hour. The suspension 
was centrifuged. the supernatant discarded, and 
the mercaptoethylamine derivatized microparticies 
were washed as described above. The pellet was 
then resuspended with 0.6 ml of PBS. 


W Covaient Unking of Maleimidobenzoyl Activated 
HIV-1 gp4i to Thtotated Microparticies 

Tne protein was activated substantially in ac- 
cordance with the protocol described in Example 1. 
b. A 0.3 ml aliquot of the gp4i specific binding 
member/coupling agent complex was added to 0.3 
ml of the mercaptoethylamine derivatized micropar- 
ticies from Example 20. a. The suspension was 
mixed by vortextng, then rotated, end-over-end. at 
20-25* C for 14-18 hours. The suspension was cen- 
trifuged, and the supernatant was aspirated and 
discarded. The pellet was resuspended in 1.0 ml of 
10 mM 2-mercap teeth anol and rotated, end-over- 
end, for t hour. The suspension was centrifuged. 
the supernatant discarded, and the protein coated 
microparticies were washed with 4 cycles of re- 
suspending in 1.0 ml of 0.1% Tween<9 -20 in PBS. 
centrtfuging. and discarding the supernatant Th 
microparticies were resuspended in 1.0 ml of P8S 
and stored at 4 to 3 * C. 


Example 21 


Exam pi 20 
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Covatent 81nding of Recombinant HIV-1 gp*i to L- 
Cystetne-O-methyl osier Oerivatized Micropartfcies 


The immobilized specific binding member was 
made substantially in accordance with the p r o to co l 
described in Example 20 using L-cystxne 
dimethylester dihydrochlcrid (Sigma) instead of 
cystamine to prepare the microparticies. 

It will be appreciated by one skilled in the art 
that the concepts of the present invention are 
equally applicable to the crosstinking of many other 
specific binding members, solid phase materials 
and coupling agents* The embodiments described 
herein are intended as examples rather than as 
limitations. Thus, the description of the invention is 
not intended to limit the invention to the particular 
em bodim ent s described in detail, but it is intended 
to encompass all equivalents and subject matter 
within the spirit and scope of the invention as 
described above and as set forth in the following 
claims. 


Claims 

1. An immobilized specific binding member, 
comprising a compound of the formula; 
B-R-X-R-M 

wherein 3 is a solid phase having a reactive mem- 
ber selected from the group consisting of amino, 
carboxyi and thiol groups? 
M is an animated specific binding member 
R and R are coupling agents selected from the 
group consisting of heterobifunctionai and homo- 
^afunctional reagents; and 

X is a ditrtio compound linked to R and R through 
thioethers. 

2. A method for producing an immobilized spe- 
cific binding member, comprising the steps of: 

a. reacting a solid phase, having a reactive 
member selected from the group consisting of ami* 
no. carboxyi and thiol groups, with a first coupling 
agent selected from the group consisting of 
heterobifunctionai anS homobifunctional reagents, 
thereby forming a solid phase/coupling agent com- 
plex: 

b. reacting an aminated specific binding 
member with a second coupling agent thereby 
forming a specific binding member/coupling agent 
complex; 

c. reacting said solid phase/coupling agent 
complex with a dithiol compound thereby forming a 
thioiated solid phase/coupling agent complex; and 

d. reacting said thioiated solid 
phase/coupling agent complex with said specific 
binding member/coupling agent complex thereby 
forming a dithioether crosslinked solid 


phase/specific binding m mber campi x. 

3. A thioiated solid prtasa. comprising a com- 
pound of the formula: 
8-R-XH 

5 wherein 8 is a solid phase having a reactiv mem- 
ber selected from th group consisting of amino, 
carboxyi and thiol groups; 

R is a coupling agent selected from th group 
consisting of heterobifunctionai and homobifunc- 
to tional reagents: and 

XH is a ctithio compound linked to R through a 
thtoetrter. 

4> . A method for producing a thioiated solid 
phase, comprising the steps or: 

/5 a. reacting a solid phase, having a reaction 

member selected from the group consis ti ng of ami* 
no, carboxyi and thiol groups, with a coupling agent 
selected from the group consisting of heterobifunc- 
tionai and homobifunctional reagents, thereby for- 

20 ming a solid phase/coupling agent complex; and 

b. reacting said solid phasetfcoupiing agent 
complex with a dithiol compound thereby forming a 
thioiated solid phase/coupling agent complex. 

5. An immobilized specific binding member. 
25 comprising a compound of the formula: 

B-Q-S-R-M 

wherein 8 is a solid phase having a reactive mem- 
ber selected from the group cnnswring of amino 
and carboxyi groups: 
20 M is an aminated specific binding member 
R is a heterobifunctionai coupling agent and 
Q-S is a thiol i ntrod ucing agent 

6. A method for producing an immobilized spe- 
cific binding member, comprising the steps of: 

25 a. reacting a solid phase having a reactive 

member selected from the group consisting of ami- 
no and carboxyi groups with a thiol introducing 
agent thereby forming a thioiated sofcd phase: 

b. reacting an aminated specific binding 

40 member with a heterobifunctionai coupling agent 
thereby forming a specific binding 
member/coupling agent complex: and 

c reacting said thioiated sofid phase with 
said specific binding member/coupling agent com- 

*s piex thereby forming a crossfinked solid 
phase/specific binding member complex. 

7. A thioiated solid phase made by the process 

of: 

a. reacting a sofid phase, having a reactive 
so member selected from the group consisting of ami- 
no and carboxyi groups, with a disulfid e compound, 
thereby forming a solid phase/tfsulfide complex; 
and 

b. reacting said solid phaseftfisulfide com* 
53 plex with a reductant whereby the disuifid is 

reduced to form a thioiated solid pftase. 

8. An immobilized specific binding m moer 
made by the process of: 
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m-^K^ reaa,n 9 3 »Kd Phase, raving a reactive 
member seHected from the group coning J^Z 

mereby formmg a solid phase/disulffde complex: 

P**""« a reduoant whereby the disulfide » 
° dUC8d » '«n, a Molated solid phas : and 

Z!°!l_ bindin S ">«nbe«coupfing agent complex 
comprising an aminated soeeifc MnLw, 
comotomd m , k_-_T: * W * UHC ™ ndin S member 
compiexed to a heterobrfunctonal coupling agent 

^*TjS' rtin9 «° Cam s or 8. 

^^™^and dwilffde compounds which are 
wosequentty reduced to a thiol. 

incline '"troducmg agent « a*n. 

eve ~ZJ*LT *• 9"** of imrnunoreac- 
^peofic bmding pa*, consisting of an*™ 

and complexes i«JJ?S5 
1* The invention according to Claim ti 
antigen. *P«e8c ending member is an 

_«3 . The invention according to Claims 1 to a * 

"i^r*^ a98,,t(s, 

wheret Hi ""T^" aeearfan 9 to Claim, i to s 
"*«*n sa;d coupling agents are seieded from J .„ 

The invention according to Claim 14 

o 

- (Xn) - c 

straight chain: " atoms m a 

" is from one to ten: and 


«j» *» aft* cyctoalkyl. alkyl^ycfoalkyl or an 
ammafc cartxwyfc ring. 

17 " 17,8 invention according to Claim 14 
^irem aid active haJogeiH^ydroxysuccinimid " 
ao« wters co upCng agent is selected (rem the 
TO consoling of N^ucdnimidyl — - 
N- mcci ii n i UH "■ *»«'«"H rrrfhme™h«ii 

and 


'0 


rs 


auttosucdrtmidyl f 
t& The invent 


^imj-^ according ta Ctons t to a 
«•* sold otas. i, ^ ^ 


2? COre ^" 9 , af Poh^nenc 


mierapartf- 
test tubes. " ~ 

^"*J****9 agent complex upon or within a 
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Modification of Corboxylated Solid Phase and Redaction of Disulfide Group 
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